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INVESTIGATION OF SPOILER-SLOT-DEFLECTOR AILERONS AND OTHER 

SPOILER AILERONS ON A 45 ° SWEPTBACK-WING— FUSELAGE 

CCMBINATION AT MACH NUMBERS FROM O.6O TO I.03 

By F. E. West, Jr., Charles F. Whitcomb, 
and James W. Schmeer 


SIM 4 ARY 


An investigation was conducted in the Langley l6-foot transonic tun- 
nel to determine the characteristics of several flap-type spoiler ailerons, 
lower-surface deflector ailerons, and spoiler -slot-deflector ailerons. 

These controls were located in the vicinity of the 70 -pe^cent wing chord 
line and extended outboard to 87 percent of the wing semispan. The flap- 
type spoilers were tested at only one projection. The wing of the wing- 
hody combination used in these tests had 45° sweepback, an aspect ratio of 
4 . 0 , a taper ratio of 0.60, and NACA 65AOO6 airfoil sections parallel to 
the plane of symmetry. Six-component force and moment data were obtained 

at Mach numbers from O.60 to I.05 (Reynolds numbers from 5*05 X 10 ^ "to 
6.0 X 10 ^) for an angle -of -at tack range from 0 ° to approximately 20 °. 

The res\ilts show that, although the flap-type spoiler ailerons had 
more rolling-moment effectiveness than the spoiler-slot-deflector controls 
at low angles of attack, these ailerons became ineffective at high angles ; 
whereas the latter control maintained appreciable effectiveness through 
the angle -of -attack range at all test Mach numbers. Removal of small 
inboard segments of the flap-type spoiler had little effect on the rolling- 
moment characteristics. Little or no improvement in the rolling -moment 
characteristics of a spoiler-slot-deflector control were obtained by either 
increasing the deflector chord length or by adding leading-edge chord- 
extensions to the outboard sections of the wing. The reversal of rolling- 
moment effectiveness at moderate angles of attack shown by deflector con- 
trols was not prevented either by decreasing deflector projection or by 
adding a gap between the deflector and the wing. 
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INTRODUCTION 


Flap-type spoiler ailerons and spoiler -slot-deflector ailerons are 
of interest for higli-speed thin-wing configurations primarily because 
they regiiire only small wing thicknesses and produce small torsional loads 
on wings. Spoiler-slot-deflector ailerons are of particular interest 
because these ailerons cein provide fairly large rolling moments at high 
lift conditions. (For exa.Tnple, see refs. 1 and 2 .) Such ailerons may also 
be designed to require less control force than flap-type spoiler ailerons. 

However, there is a lack of data for these types of controls. In 
order to alleviate the lack of these data at transonic speeds, tests have 
been made in tha Langley l 6 -foot transonic tunnel on a 45 ° sweptback- 
wing— body combination. This same model was also Used for an investiga- 
tion of retractable and pltg spoiler ailerons. (See refs. 5 a^^Ld 4 .) The 
flap-type spoiler aileron^ and spoiler -slot-deflector ailerons used in the 
present tests were located in the vicinity of the JO-percent wing chord 
line and extended from the vicinity of the body to 87 percent of the 
semispan (same as the spoiler ailerons of refs. 5 4 ). The flap-type 

spoiler aileron, which had a fixed projection, was investigated with 
portions of the inboard sections removed and in combination with the wing 
slot. Two deflector chord lengths were used for the spoiler-slot-deflector 
ailerons, which utilized the previously mentioned spoiler and wing slot. 

One of the spoiler-slot-deflector ailerons was also investigated with out- 
board leading -edge chord-extensions added to the wing. 

A deflector aileron with and without a gap between its trailing edge 
and the wing was also investigated at several projections. 

Since spoiler ailerons are sometimes perforated to alleviate 
buffeting, a perforated plug spoiler aileron similar to one tested in 
reference 3, except for the perforations, was also investigated. 

Force, moment, and pressure data were obtained throx:igh an angle -of- . 
attack range at 0 ° sideslip for Mach numbers from O.60 to I.O5. Reynolds r 

mmiber was about 6 X 10 ^. The results of the six-component force and 
moment teats are presented in this paper. 


SYMBOLS 


The forces are referenced to the wind axes and the moments are refer- 
enced to the body axes. These systems have their origin at a point in the 
plane of symmetry which corresponds to the 25 -percent-chord station of the 
mean, aerodynamic chord. 


NACA EM L56FI5 


5 


"b 

b-i 


"D 


■'m 


•iSC 




"'Pb 

M 

Pb 

P 

q 

S 

a 


wing span 

inboard-end location of various controls 

local basic wing chord (parallel to plane of symmetry) 

basic wing mean aerodynamic chord (parallel to plane of 
symmetry) 


drag coefficient, 
lift coefficient. 


Drag 

qS 

Lift 

qS 


rolling -moment coefficient produced by control. 

Pitching moment 


pitching -moment coefficient. 


qSc' 


yawing -moment coefficient produced by control. 


Rolling moment 
qSb 


Yawing moment 


qSb 


lateral -force coefficient produced by control. Lateral force 

qS 


base -pres sure coefficient. 


Pb - P 


free -stream Mach number 
static pressure at base of model 

free -stream static pressure 
free -stream dynamic pressure 
total basic wing area 

angle of attack of fuselage center line, deg 

projection of spoiler into airstream, fraction of c, measured 
perpendicular to wing chord line 

projection of deflector into airstream, fraction of c, 
measured perpendicular to wing chord line 


incremental coefficients produced by control 
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APPARATUS 
Tunnel and Model 


The investigation was conducted in the Langley l6-foot transonic 
tunnel, the air flaw and power characteristics of which are presented in 
reference 5* 

With the exception of some very slight wing geometry changes, the 
ving-hody combination used for these spoiler tests was the same as that 
used for the previous spoiler tests in the Langley l6-foot transonic 
tunnel. (See refs. 5 k.) Figure 1 presents the geometric details 

of the model. The steel wing had HACA 65AOO6 airfoil sections parallel 
to the plane of symmetry, sweep of quarter-chord linp of 4-5°, taper ratio 
of 0.60, and aspect ratio of 4 . 0 . It was constructed without Incidence, 
dihedral, or twist aoad was mounted in a midwing position on the fuselage. 
The steel fuselage was a "body of revolution with a fineness ratio of 10 . 
The quarter-chord point of the wing mean aerodynamic chord was located 
at the longitudinal position of the maximum fuselage diameter. 


Lateral-Control and Chord-Extension Configurations 

Table X shows some of the geometzy of the lateral -control and chord- 
extension configurations used in the test program. More extensive geo- 
metric sectional details for one of the spoiler-slot-deflector ailerons 
and one of the deflector ailerons are shown in figures l(b) and l(c), 
respectively. All the devices were made of steel.-- The latersil controls 
were mounted only on the left wing. 

Except for modifications Involving the removal of small Inboard 
segments, the same flap -type spoiler was used for all configurations that 
included a flap-type spoiler. This flap-type spoiler projected 7.8 percent 
of the local wing chord above the wing i;^er surface and extended along the 
68.1-percent wing chord line. (See fig. 1 (b).) When the inboard end of 
the spoiler extended to the fuselage (h^ » 0 .l 4 b/ 2 ), the juncture was 

sealed. The wing slot ( 3-8 percent of the wing chord) extended from 15- to 
87-percent semlspan station when used with other components extending into 
the body. The Inboard end position was changed to 16 percent of the semi- 
span when used with other components extending into I6 percent of the wing 
semispan. Ribs, which were parallel to the plane of symmetry, were located 
in the wing slot at 20-, 30-, 39-, 48 -, 57-, 66-, 75-, and 83-percent semi- 
span stations. These ribs had a height of 2.4 percent of the local wing 
chord and a width of 0.25 Inch. Braces for the flap -type spoiler were 
mounted on top of these ribs (fig. l(h)). 
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The deflectors of the spoiler-slot-deflector ailerons projected 4 - 
and 5.5-percent of the local wing chord below the wing lower siarface with 
the inboard end located at 16 percent of the semispan and at the fuselage, 
respectively. The change in deflector projection was obtained by changing 
deflector chord length. These deflectors were located along the 73 ‘ 8 - 
percent wing chord line and were fastened to the wing by seven braces 
(fig. 1(b)), 

The deflector-alone configurations (see table I and fig. 1 (c)) utir- 
lized a deflector that had a chord length of about 7-9 percent of the 
local wing chord when undeflected. (Note that chord length in terms of 
local wing chord changes with control projection. ) Altho’igh this deflec- 
tor extended inboard to the fuselage, it was not contoured to fit the 
fuselage closely and the juncture was not sealed. For the deflector con- 
figurations having a gap between the deflector and wing siirface, spacers 
with a height of 2 percent of the local wing chord and a width of 5/16 inch 
were located at seven semispan stations. For one of the deflector -alone 
conflginrations, seven simulated brackets, which were perpendicular to the 
deflector hinge line, were distributed along the front face of the deflec- 
tor and alined with the spacers . 

The perforated plug spoiler had vertical slots whose width and spacing 
were 0.5 percent of the local wing chord. The distance between the top 
edge of the slots and the top edge of the spoiler was the same as the slot 
width. This spoiler was similar to a solid spoiler of reference 3 ^ with 
the exception of the perforations ajid a solid spoiler thickness of 0.015c 
compared with a perforated spoiler thickness of 0.008c. 

The leading-edge chord-extensions, which are similar to those dis- 
cussed in references 6 and "J , extended forward I5 percent of the local 
wing chord from the 65-percent semispan station to the wing tip. The 
chord-extensions had the same section ordinates back to their maximum 
thickness as did the basic airfoil sections at corresponding spanwise 
stations. Between the maximum thickness of the chord-extensions and the 
maximum thickness of the wing, the airfoil contour paralleled the wing 
chord line. 


TESTS 


Data were obtained for the I7 configurations listed in table I. The 
configurations were generally tested through a maximimi angle -of -attack 
range of 0 ° to approximately 21 . 5 ° for Mach numbers from O.60 to 0 . 9 “^ and 
up to maxim™ angles of 19.4°, 15.4°, eind 15 . 2 ° for Mach numbers of O.98, 
1 . 00 , and I.03, respectively. These maximum values were not attained for 
all of the conflgin-ations because of model stress or tunnel power limita- 
tions. The variation of Reynolds number based on the mean aerodynamic 
chord with Mach number is presented in figure 2 . 



6 


NACA BM L56FI5 


CORRECTIOIIS AJTD ACCURACIES 


The measiored lift and drag data were adjusted to a condition, of free- 
streani static pressure at the base of the fuselage by using base pressures 
averaged from three static orifices spaced equidistantly around the base 
annulus Just inside the base of the model. The variation of the faired 
mean base pressure for all configurations at constant Mach numbers with 
angle of attack is presented in figure 5 - Genereilly, the values for the 
individual configurations did not deviate from these curves by more than 
±0.015 never varied more than ±0.05 (equivalent to a drag coefficient 

of ±0.0007). 


Inasmuch as the base pressures were adjusted to free-stream static - 
pressxrre conditions, only the sting interference effects on the flow con- 
ditions ahead of the model base remain to be considered. These sting 
interference effects are believed to be small and therefore were neglected 
Furthermore, all lateral-control configxiration changes were made on the 
wing which was remote from the sting; therefore the stl 33 g effects would be 
nearly constant for all of the configurations. The effects of tunnel-wall 
interference were small for the Mach nuniber range of these tests and were 
neglected. (See ref. 8.) 


The accuracy of the measured coefficients, based on balance accuracy 
and repeatability of data, is believed to be within the following limits: 


Cl 

Cd 

Cd 

Cm 


^n 

Cy 


at low angles of attack 
at highest angles of attack 


± 0.01 

± 0.001 

±0.005 

±0.005 

±0.001 

±0.001 

±o.ooa 


The angles of attack are estimated to be accurate to ± 0 . 1 °. 


RESULTS MD DISCUSSION 


Data showing the variation of the aerodynamic characteristics with 
angle of attack for the several tested configurations are presented 
in the flgmres listed in table I. “Ilifi primary purpose of figure 4 is 
to show the data for the basic nmdel with and without chord-extensions 
which were used as a basis to obtain the incremental changes due to the 
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various lateral controls. Basic model characteristics for a similar con- 
figuration have "been disctissed in reference 9* effect of chord- 

extensions on the aerodynamic characteristics for a similar configinration 
has been discussed in references 6 and 7> 

The figures for the lateral-control configurations (figs. 5 to 9 and 
11) compare rolling-moment, yawing -moment, and lateral -force characteris- 
tics for various configurations as well as the incremental lift, drag, and 
pitching-moment characteristics resulting from the presence of the con- 
trols. Figure 10 shows the effect on rolling -moment and yawing -moment 
characteristics of adding a deflector to the opposite wing of a spoiler- 
slot-deflector aileron (synthesized data). A s\mimary figure showing 
effects of Mach number on rolling-moment effectiveness for several con- 
figinrations is presented in fig\ore 12. 


Characteristics of Varioiis Flap-iype Spoilers 
and Spoiler-Slot-Deflector Configiirations 

Flap-type spoiler effectiveness .- The rolling -moment effectiveness 
shown in figiire 5 (s-) 'the flap-type spoiler ailerons varied in much 
the same manner with angle of attack as did the retractable and plxog 
spoiler effectiveness presented in reference 3 for a similar model and 
spoiler span and wing location. The large decreases in rolling -moment 
coefficient for these controls at the higher angles of attack result 
from flow separation on the wing. (See ref. k.) Although the flap-type 
spoiler ailerons produced larger rolling-moment coefficients at low 
angles of attack than the retractable or plug spoiler ailerons of refer- 
ences 3 and the gains were relatively smaller than the increase in 
control projection (O.Okc to 0 . 078 c). The lack of proportionality prob- 
ably occurred mainly because of differences in spoiler-aileron profile. 

(See ref. 10.) However, nonlinear variations of rolling -moment coefficient 
with control projection also could have had an effect on the comparative 
values . 

Reference 4 indicated that large negative pressures behind the 
inboard-spoiler sections on a simlleir basic model caused the inboard 
sections to be ineffective in providing rolling moment and to contribute 
heavily to drag. Therefore, it appeared reasonable that cutting the 
inboard end of a spoiler away from the body might result in no appreci- 
able effect on rolling moment and a decrease in drag. Figure 5(a) shows 
that the inboard-end location of the flap -type spoiler can be moved from 
the body (bj^ >« O.lkb/2) to 0.l6b/2 without resulting in rolling -moment 

losses. However, further movement to 0.22b/2 usually resulted in slight 
decreases in rolling moment. The effects on the drag increments are dis- 
ctissed briefly in a subsequent section. 
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Spoiler-slot-deflector effectiveness . - Figure 6(a) shows that the 
addition of the wing slot lnmediately "behind the spoiler with the inboaxd 
end at the 0.lj6b/2 wing station generally produced some Increase in the 
rolling -moment effectiveness of the control throughout the angle -of -attack 
a.-nrt Mach number reinges tested, fhe same figure shows that the further 
addition of the 0.04c projected lower-surface deflector to the control 
configuration provided a large inrprovement at the high angles for all test 
Mach numbers. Similar results were obtained from the transonic straight 
wing investigation of reference 2. Thus, loss of control effectiveness 
that occurred for the spoiler-slot configuration at the highest test 
angles was eliminated by addition of the deflector. Unfortunately, the 
addition of the deflector reduced the effectiveness at low angles of 
attack throijghout the Mach number range. These reductions at low angles 
are attributed to the deflector acting as a lower-surface spoiler; that 
is, the deflector caused pressure increases on the wing lower surface. 

The magnitude of these reductions increased considerably when the deflec- " 
tor projection was increased from 0.04c to 0.0550c. (See fig. 7(a-).) 
Figure 7(a) also shows that the increase in deflector projection did not 
provide the anticipated Increase in effectiveness of the control at high 
angles of attack. The control with the longer deflector projection had 
its inb oard end at the body (b^ « 0.l4b/2) instead of at the position of 
0.l6b/2 for the control with the shorter deflector. Based on the results 
of figure 5(a), it is believed that the effect of this small geometric 
difference is negligible. The trend of the results for the two spoiler- 
slot-deflector ailerons indicate that a deflector of shorter chord length 
than the shortest one tested may be desirable. 

Basically, it is believed that the major effects of adding a 
deflector to a spoiler-slot control are to increase the lower surface 
pressures ahead of the deflector and to reduce these pressures behind the 
deflector. In order for a deflector to iinprove the control effectiveness, 
the second effect should be larger than the first effect throughout the 
angle-of -attack range. Appaorently, the deflectors of the present inves- 
tigation did not satisfy these requirements at low angles of attack. At 
high angles of attack, the deflectors were satisfactory primarily because . 
flow separation probably occurred between the deflector and wing trailing 
edge over most of the control span. The occurrence of this flow separa- 
tion would greatly reduce the large trailing-edge lift load normally 
carried by the wing at high angles of attack. (See fig. 14 in ref. 4.) 

Mach nnTTiher effects .- The effects of Mach number on the rolling - 
moment coefficients for several of the spoiler configurations are shown 
in figure 12. ioasmuch as these effects were similar with and without a 
slot behind the flap-type spoiler aileron, results for the spoiler-slot 
configuration are not shown. At 0° angle of attack, the rolling-moment 
coefficients for the flap-type spoiler aileron Increased slightly with 
increasing Mach numbers up to near-sonic speeds . However, the opposite 
trend occurred for the spoiler-slot-deflector configurations at low 
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angles of attack. A chainge in deflector projection changed the values of 
Cj but had little effect on the variation of with Mach number. With 

increasing angle of attack, the trends with Mach number gradually become 
similar for all of the configurations. Also, with increasing angle of 
attack, the Mach number effects become larger, especially at the higher 
test Mach mmibers. 

Spoiler effectiveness with leading -edge chord-extensions .- Since 
devices such as leading-edge chord-extensions are often necessary on 
swept wings for improving the longitudinal stability characteristics, the 
effects of these devices on lateral-control effectiveness are of interest. 
Such devices would be expected to be effective in improving lateral- 
control effectiveness in the same angle -of -attack range where they cause 
improvements in longitudinal stability. (See fig. il-(c).) Reference 11 
fulfils this expectation by showing that the addition of chord-extensions 
and a full-span leading-edge flap to a swept-wlng model resulted in con- 
siderable improvements in the effectiveness of a spoiler-slot-deflector 
aileron. The leading -edge flap was drooped 6° with respect to the wing 
chord line about the 20-percent chord line. The basic model was similar 
to the model of the present tests except the wing taper ratio was O .5 
instead of 0.6. However, as shown in figure T(a.), adding chord-extensions 
to the model of the present tests caused little or no improvement in the 
effectiveness of one of the spoiler-slot-deflector ailerons. There were 
also adverse effects, as in the investigation of reference 11, at the 
higher angles of attack where leading-edge modifications have no effect 
on longitudinal -stability characteristics . 

Yawing -moment coefficient .- Figure 5(t>) shows that the flap-type 
spoiler aileron produced favorable but large yawing-moment coefficients 
over the model test angle -of -at tack range up to 8°. Above this angle 
range, the yawing -moment coefficients decreased rapidly at all Mach 
numbers and became adverse at some of the Mach numbers. Removing the 
two different length inboard sections of the spoiler had no significant 
effect on the yawing -moment coefficients. 

Figure 6(b) shows that the effect of adding a wing slot immediately 
behind a spoiler was to make the yawing moments less favorable in the 
high angle -of -attack range. With the fiarther addition of the 0.04c- 
projected deflector to the spoiler-slot configuration, the yawirg moments 
were appreciably increased over the entire angle and Mach number ranges. 
The reversals in yawing moment in the higher angle range were eliminated 
within the range of the investigation. 

Increasing the deflector projection from 0.04c to 0.055c increased 
the yawing moments slightly over the low angle range for all the Mach 
numbers tested but had no significant or consistent effect at the higher 
angles. (See fig. 7(^)«) This effect in the low angle range was 
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opposite to tihe effect tte change in, deflector chord length had on 
rolling -mcment coefficient. 

Figure 7(h) shows that addition of chord-extensions to one of the 
spoiler-slot-deflector configurations resulted in slightly increased 
yawing moments at moderate angles of attack. Ihis change had also 
caused increased rolling moments at moderate angles of attack. However, 
the configuration change did not result in a decrease in yawing moment 
coefficient at high angles as it generally did in "the case of rolling- 
moment coefficient. 

Lateral-force coefficient . - The trend of lateral-force coefficient 
for all of the spoiler-aileron configurations (see. figs. 5(c), 6(c), 

7 (c)) was to decrease with increasing angle of attack. 

Incremental lift, drag, and pi teh -T ng -moment coefficients .- The incre- 
ments of lift, drag, and pitching -moment coefficients for the various flap- 
type spoiler and spoiler-slot-def lector configurations are presented in 
parts (d), (e), and (f) of figures 5 ^ 6 , and 7 - 5!he overall trends of 
these increments with increasing angle of attack are similar to trends 
estahlished for other spoiler ailerons in previous papers. (For example, 
see ref. 5 *) 

The apparent lack of correlation between the relative magnitudes of 
C 2 and for the various configuration changes (ccorpare parts (a) 

with (d) for figures 5 ^ 7 ) means, of course, that some of the 

changes in geometry had appreciable effects on the lateral location of 
the center of load. 

As stated previously, removal of small Inboard segments of the 
spoiler ailerons was done primarily to reduce drag without incurring 
significant reductions in rolling-moment effectiveness. Figure 5(e) 
shows that moving the inboard end of the spoiler from the fuselage 
(^i 0.l4b/2) to 0.l6b/2 had no significant effects- Further removal 

of inboard segments to 0.22b/2 resulted in drag reductions at Mach num- 
bers of 0 . 9 ^ and above. At subsonic speeds, as indicated at M = O. 60 , 
removal of inboard segments had some adverse effects on drag. 


Characteristics for Various Deflector Configurations 

One of the problems often associated with spoiler-aileron controls 
is that the yawing moments, although favorable, are higher than desirable. 
One method of reducing the yawing moments due to a spoiler -slot-deflector 
aileron would be to project the deflector part of the control on one wing 
panel slm'ultaneously with projection of the con^jlete control on the 
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opposite wing panel. A shortcoming in this solution, however, is the 
fact that lower-surface devices such as spoilers or deflectors suffer 
reversals in rolling-moment effectiveness at moderately high angles of 
attack . ( See ref . 3 • ) 

In an attempt to avoid these reversals, an investigation was made 
of the effects of decreasing deflector projection and of leaving a gap 
between the deflector trailing edge and the wing siirface. As shown in 
figirres 8(a) and 9(a) ^ however, all of the deflector configurations 
tested underwent a rolling -moment reversal at the higher angles of attack. 

The rolling- and yawing -moment coefficients that would result 
(neglecting any carryover effects) from simioltaneous deflection of the 
spoiler-slot-0. 055c deflector aileron and a deflector aileron (5,3^ = 0 . 045 c 
no gap) on opposite wing panels are shown in figiare 10 . These synthesized 
data indicate the beneficial effects of the deflector aileron on both 
rolling moments and yawing moments up to angles of attack of about 10° to 
12 °. At higher angles of attack, however, the effects are detrimental. 

One of the deflector ailerons (6,3 = 0 . 05 c, 0 . 02 c gap) was tested with 
seven simulated brackets mounted on the front face of the deflector and in 
line with the braces. The results, shown in figure S, indicate no signifi 
cant differences due to the addition of the brackets. 


Effect on the Aerodynamic Characteristics of 
Perforating a Plug Spoiler 

As spoiler ailerons are often perforated to alleviate biiffet problems 
aerodynamic data for perforated spoiler-aileron configurations are of 
interest. The results of the present tests using a perforated plug 
spoiler are compared in figure 11 with results from the similar solid 
spoiler test reported in reference 3 * Here, it is shown, that perforating 
the spoiler generally caixsed slight reductions in rolling -moment, yawing- 
moment, and incremental drag coefficients. Somewhat similar effects of 
perforating are shown in reference 12. 


CONCLUSIONS 


An investigation was conducted with inboard flap-type spoiler aile- 
rons, deflector ailerons, and spoiler-slot-deflector ailerons mounted on a 
45° sweptback-wing — fuselage combination. These controls were located in 
the vicinity of the 70-percent wing chord line and extended outboard to 
87 percent of the wing semispan. Six-component force and moment data 
were obtained at Mach nunibers from O.60 to I.03 (Reynolds numbers from 
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5.05 X 10^ to 6.0 X 10^) for an angle -of -attack range from 0° to about 20°. 
The results indicate the following conclusions : 

Flap-type spoiler ailerons vere generally more effective than 
the spoiler-slot-def lector controls at low angles of attack; however, at 
high angles of attack the spoiler aileron became ineffective, whereas the 
apoiler-slot-deflector controls maintained appreciable rolllng-mcment 
effectiveness at all test Mach ntmbers. 

2. Removal of small inboard segments (8 percent of the wing semi- 
span or less) of the flap -type spoiler aileron had little or no effect on 
rolling -moment effectiveness and had a favorable effect on drag at the 
higher Mach numbers. 

5- Increasing the chord of the deflector (so that projection into 
the airstream increased from k percent to 5.5 percent of the wing chord) 
reduced the rolling-moment effectiveness of the spoiler -slot-deflector 
control at low angles of attack and had no beneficial effects at the 
higher angles. 

k. Adding outboard leading-edge chord-extensions to the wing had 
slight beneficial effects at moderate angles of attack and detrimental 
effects at higher angles of attack on the rolling-moment effectiveness of 
a spoiler-slot-def lector aileron. 

5 - Decreasing deflector-aileron projection or adding a gap between 
the deflector aileron and the wing lower surface did not prevent reversals 
in rolllng-mcment effectiveness which occurred at moderate angles of 
attack. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., May 25, 1956. 
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TABLE I. 

GEOMETRY OF TEST CONFIGURATIONS 
(Not to scale) 


Configuration 


Basic wing 


Wing 

section view 



Model 
front view 


o 



Flap spoiler 



Flap spoiler 


Flap spoiler-slot 



Spoiler-slot-deflector 


Spdiler -slot -deflector 
(with and without L. E. 
chord extensions) 



o 


Approx. 1 0. 

=C^ 


.66 1 

b b 
14^ .87w 
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•r 

0 = 





Approx. 

0.14| 


Figure 

number 

4 

4 

5 

5,6 

5 

6 

4,6,7 
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Configuration 

Deflector 

Deflector 

Deflector 

Deflector with gap 

Deflector with gap 

Deflector with gap and 
simulated brackets 

Deflector with gap 
Perforated plug-spoiler 


TABLE I.- Concluded 


GEOMETRY OF TEST CONFIGURATIONS 
(Not to scale) 


Wing 

section view 





Model 
front view 
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AppJ-ox. 
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Figure 

number 

8 


8 


8 


9 


9 


9 


9 


11 



wing area 9.u sq 

Airfoil section NACA 65A006 

(Parallel to plane 
of symmetry) 


13.5 — * 


(a) Model. 



(b) Spoiler-slot-deflector aileron. (c) Deflector aileron. 

Figure 1.- Diagram and dimensional details of wing- fuselage model and 
two different spoiler -control configurations . (All linear dimen- 
sions in inches except as noted.) 
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Figure 3.- Average 'base-presstire coefficient for all configurations. 
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(a) Lift coefficient. 

Figure ll-.- Lift, drag, and pitcliing-moment characterietics for the basic 
and leading-edge chord-extension configurations and a spoller-slot- 
def lector configuration. 
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(b) Drag coefficient 
Figure 4 .- Continued 
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Angle of attack, a, deg 


(c) Pitching-moment coefficient. 
Figure 4 .- Concluded. 



(a) Rolling -moment coefficient. 


Figure 5.- Aerodynamic characteristics of flap-type spoiler configura 
tions showing the effect of varying spoiler inboard-end location. 
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(c) Lateral -force coefficient 


Figure 5 *” Continued 
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(d) Incremental lift coefficient.. 


Figure 5 »- Continued 
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o bi = 0.14| 

—• a— bi = 

— 0 — bi = O.22I 



(e) Incremental drag coefficient. 
Figure 5 *~ Continued. 
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(f) Incremental pitching-moment coefficient. 


Figure 5-’- Concluded 
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Spoiler = 0.16^^ 


— -a- — Spoilei — slot (bj = 0.16^ 
Spoiier-slot-def lector 



Angle of attack, a, deg 

(a) Rolling -moment coefficient. 

Figure 6 .- Aerodynamic characteristics of spoiler configurations showing 
effects of adding a wing slot and a wing slot -deflector behind a flap- 
type spoiler . 
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(c) Lateral-force coefficient. 


Figure 6 .- Continued. 
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(d) Incremental lift coefficient 
Figure 6.- Continued. 
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Spoiler (bi = 0.16|^ 

— a — Spoiler-slot =0.1 

— Spoiler-slot-deflector 

(bi = 0.16|; 6d = 0.04c) 
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(e) Incremental drag coefficient. 
Figure 6 .- Continued. 



Incremental pitching-moment coefficient, AC. 
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(f) Incremental pitching -moment coefficient. 
Figure 6 .- Concluded. 
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— =0 Spoiler-slot-deflector (b^ — 0.14^; = 0.0550c) 

— -o- — L.E. chord-extension and spoilcr-slot-def lector 

(bi = 0.14b; 5^ = 0.O55O0) 


' Spoiler-slot-deflector = O.ldj; 6{j = 0 ,04o 

III 



(a) Rolling-moment coefficient. 

Figure 7 *- Aerodynamic characteristics of spoiler-slot-deflector configu 
rations showing effects of adding leading-edge chord-extensions to a 
spoiler-slot-deflector configuration and of changing the spoiler-slot 
deflector configuration. 
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Spoiler-slot-Hief lector (bj^ =* 0.14^; 6(j = 0.0550 


— -o — L .E . chord-extension and s^poiler-slot-def lector 
(b^ = 0.14|; 6(j = 0.0550c) 

O Bpoiler-slot-def lector = 0.16^; = 0 .04t) 



(e) Incremental drag coefficient. 


Figure 7 *~ Continued 
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(a) Rolling -moment coefficient. 

Figure 8 .- Aerodynamic characteristics of deflector configurations showing 

the effect of deflector projection. 
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(■fa) Yawing-moment coefficient. 
Figixre 8.- Continued. 
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(c) Lateral -force coefficient 
Figiire 8.- Continued- 
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(d) Incremental lift coefficient. 
Figure 8 .- Continued. 
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(e) Incremental drag coefficient. 

Figure 8 .- Continued. 
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Incremental pitching-moment coefficient, AC 
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(f) Incremental pitching-moment coefficient- 
Figure 8.- Concluded. 
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Yawing-moment coefficient, 
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(b) Yawing -moment coefficient. 


Figinre 9»- Continued. 


Lateral-force coefficient, 


NACA EM L56FI5 


L9 


>-< 

o 


° 

-o — 6(i 
6d 



0.036c 
0.050c 
0 .050c , 
0 .065c 


with brackets 


M 

0.60 


.90 


.98 



Angle of attack, a, deg 


(c) Lateral-force coefficient. 


Figure 9-- Continued 
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(d) Incremental lift coefficient. 
Figure 9*- Continued. 
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(e) Incremental drag coefficient. 


Figiire 9*- Continued. 
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(f) Incremental pitching -moment coefficient. 
Figure 9-- Concluded. 
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Figure 10.- Effect on rolling -moment and yawing-moment coefficients of 
adding a deflector to opposite wing panel of a spoiler-slot-deflector 
configuration . 
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— Solid plug spoiler, 0,028c slot (ref. 3) 

— -o Perforated plug spoiler, 0.028c slot 



(a) Rolling -moment coefficient. 

Figure 11.- Aerodynamic characteristics of pliig spoiler configurations 
showing the effect of perforations in the spoiler. 
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(b) Yawing-moment coefficient. 
Figure 11 .- Continued. 
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Incremental lift coefficient, AC 



Figure 11.- Continued. 
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Incremental drag coefficient, AC 
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-o— Solid plug spoiler, 0.028c slot (ref. 3) 
-o- Perforated plug spoiler, 0.028c slot 
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(d) Incremental drag coefficient. 


Figure 11 .- Continued 



Incremental pitching-moment coefficient, ACm 


— o — Solid plug spoiler, 0.028c slot (ref. 3) 
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(e) Incremental pitching-moment coefficient. 
Figure 11.- Concluded. 
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Figure 12.- Effect of Mach number on the rolling-moment coefficient of 

several spoiler configurations . 
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